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A User's Guide to ARSPIQ: The Univariate

Time Series Aanlysis Program for Autoregressive

Spectral Information Quantile Identification

1. Introduction

The ARSPIQ (AutoRegressive SPectral Information Quantile

identification) program is a modified version of ARSPID, a

univariate time series program in the TIMESBOARD Computing

Library.(Newton, 1983). ARSPIQ provides various diagnostics in

the time and frequency domains to help one determine whether a

time series is long, short, or no memory.

ARSPIQ is written in FORTRAN and consists of a main program

and 58 subprograms, many of which are contained in the TIMESBOARD

Computing Library. Many of the subprograms used in the quantile

analysis are modified versions of those used by the ONESAM

program,(Parzen and Anderson, 1980). The current version of

ARSPIQ was developed on an Amdahl 470V/6-II and an Amdahl 470V/8

operated by the Data Processing Center of Texas A&M University.

The version of FORTRAN used should be compatible with most

FORTRAN IV or FORTRAN 77 compilers.

The basic goal of ARSPIQ is to provide diagnostics to aid

in modeling a univariate time series. ARSPIQ is not intended

to be a modeling or forecasting program, however. The models

produced by ARSPIQ are intended only as guides to formulate more

complete, rigorous, or valid models. Our approach is to run

ARSPIQ to obtain useful model building diagnostics and then to
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employ ARSPID in the more formal model building stage, i.e.,

estimating parameters and checking residuals. With this goal

in mind, ARSPIQ has been made as fully automatic as possible

with "logical" defaults provided when input options are specified

to be zero.

For a more complete discussion of the statistical functions

mentioned in the next section, see Parzen (1981) and Parzen

(1983). Also, for a complete discussion of the TIMESBOARD

computing package and useful time series results, see Newton

(1983).

2. Stages in an Analysis

2.1 Quantile Analysis

The original time series Y(t), the periodogram fT(w), the

correlogram PT(v), and the partial autocorrelations am(m) may

be treated as data batches and exposed to a quantile analysis

to gain further insight about these quantities. For a data batch

{X(t), t=l,...,T}, one defines the informative quantile function

IQ(u) by

XQ(t) -50 U 2t-1

IQ(u) = 2x , u = 2- t 1,... ,T

where X50 is the median and X75 and X25 are the upper and lower

quartiles respectively. Plots of IQ(u) are useful in describing a

data batch and are primarily used in this work to diagnose probability

characteristics. In ARSPIQ, the informative quantile function
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for the original time series is used in the remaining analyses

since it serves to "normalize and detrend" the series

analogously to subtracting the mean and dividing by the standard

deviation.

For a specified null value for the density-quantile function

fQ(u) - f(Q(u)) where f is a probability density and Q is the

corresponding quantile function, and for a raw estimate of the

quantile density q defined to be the derivative of Q, one

computes the weighted spacings

d(u) foQo (u) q(u)/a

0 0 0

where

a fo foQo(u) q(u) du

The weighted spacings d(u) hence comprise a probability density

and ao is treated as an estimate of scale (compare to standard

deviation). ARPSIQ takes

-ifoQo ( u ) = (D Mu))

for the normal case where * is the standard normal pdf and -

is the standard normal quantile function; and

f o Qo ( u) = l-u
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for the exponential case. When a data batch comes from the

specified null distribution, d(u) oscillates about a uniform

value of 1 and the cumulative weighted spacings

D(u) = fu d(v) dv O<u<l

oscillates about the identity line. ARSPIQ provides a plot of

D(u) as a goodness-of-fit check. For independent normal data,

the sample autocorrelations and partial autocorrelations will

also be normally distributed while the raw periodogram will

have an exponential distribution, hence the normal and

exponential cases are automatically checked where appropriate

by ARSPIQ.

A quantile analysis also produces some useful descriptive

statistics, but discussion of these will be withheld until the

appropriate time.

2.2 Frequency Domain Analysis

The raw periodogram fT(w) is computed as a Fourier Transform

of the time series and then normalized to integrate to one.

Specifically,

fT ) (A + B2)0 2/T ,k=l...,Q

2 .

where a is the sample variance of the informative quantilq of

the data and Ak and Bk are the Fourier coefficients evaluated
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at frequency k/Q. (Ak is the amplitude of the cosine term and

Bk is the amplitude of the sine term at frequency k/Q when a

sinusoid is fit to the data set. See Newton (1983).) As

mentioned previously, white noise data produces a periodogram

that has an exponential distribution, and hence a quantile

analysis of fT(w) uses foQo(u) = 1-u.

As discussed in Parzen (1983), the key descriptive statistics

for the raw periodogram are the median, variance, and spectral

log range (or dynamic range) defined to be

max min
SPLR = w log fT (w) - W log f TM

Large values of periodogram variance or SPLR indicate moderate

to long memory, while small values of periodogram median have

the same interpretation. For normal white noise, the median

is log 2 * .693, the variance is one, and SPLR = 0.

A nonparametric periodogram is also computed and is

labeled "Local Quantile Periodogram" on the output. For a

neighborhood length NQMP, a batch of periodogram ordinates of

length NQ14P produces a lower quartile, median, and upper quartile

value. These values are labeled G25, G50, and G75 and are

associated with the median frequency in the neighborhood. G50

is interpreted as a nonparametric smoothed estimate of the

spectral density while G25 and G75 serve as "confidence limits."

The log of these values is plotted.
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A Parzen window estimator using truncation point

M = {largest even integer < (T/2)} also provides a smoothed

periodogram. This estimate of a spectral 0,2nsity is used in

creating the cepstral correlations described later. Parametric

spectral estimators are also computed and will be described

later. These estimators will have SPLR computed as well as a

quantity known as the delta memory function defined by

1 log f (in) log f (k+1

where m = 0 and m = Q/XSEAS with Q NFREQS and XSEAS specified

by the user. By default, NFREQS is chosen large enough for the

FFT routine and XSEAS = 12. These two delta sequences are

plotted on a scale from -3 to 3 and have apparent memory

classification properties as discussed in Parzen (1983).

2.3 Time Domain Analysis

Besides the interpretation provided by Box and Jenkins

(1970), the sample autocorrelation function (acf.) and sample

partial autocorrelation function (p.acf.) provide added insight

when viewed in the quantile domain.

The autocorrelation function (correlogram) PT(v) is

computed as the Fourier transform of the raw periodogram.

Besides the plot of pT(v) and its quantile function, one also

examines the value of
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T 1
V1 PT(v) (or T v M < T/2).

Small values of this quantity indicate no memory or short memory,

while values larger than say 0.1 typically indicate long memory.

The partial autocorrelation function is given by the value

of am(m) estimated via the Yule-Walker equations for the general

AR(m) model denoted by

Y(t) + am(1) Y(t-l) + a..+ cm(m) Y(t-m) = C(t)

where E(t) is white noise and am(m) estimates am(m).

A second partial autocorrelation function is computed

using the Burg algorithm which appears to provide better

estimates than the Yule-Walker equations when roots of the

characteristic polynomials are near the unit circle (near

nonstationarity).

Only the Yule-Walker estimates are exposed to a quantile

analysis with normal foQo. The Burg estimate3 are primarily

intended to produce an alternate approximating AR model for

ARMA select modeling purposes and spectral analysis. Of interst

is the number of values of the IQ function for the p.acf. that

are greater than one in absolute value. Outliers in both the

acf. and p.acf. data batches indicate moderate to long memory.

I"
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2.4 Diagnostic Modeling

Five parametric models are provided to give insight into

the nature of the time series examined. Spectral densities are

computed for four of the models and residual variances are

stated for all five. In all cases the parametric models are

actually treated as approximating models and hence are really

nonparametric in nature. This suggests that ARSPIQ should not

be used to provide THE model for a time series although one of

the five models examined may be considered appropriate by some

criterion.

The first two models considered are approximating auto-

regressive models with orders given by the first and second

relative minima of the CAT function. Values of AIC and log

residual variance are also provided in this AR modeling stage.

For the best order model, a spectral analysis is carried out

with computation of SPLR and 6 k and display of the various

spectral quantities. Only the coefficients and residual variance

(RVAR) are produced for the second best order model.

A second modeling stage actually produces five models,

but only three are examined in detail. This second stage is

primarily intended to suggest subset ARMA models to help better

understand the nature of the series. In many cases the ARHA

models are merely AR models mimicking the previous CAT derived

ones, and hence little new information may be provided at this

stage.

gJ
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For subset ARMA modeling, the default strategy is based

upon the Burg sample p.acf., but a second strategy based upon

cepstral correlations may be requested by the user. The p.acf.

obtained via the Burg algorithm is fed to a recursion algorithm

which produces AR(p) coefficients where p is chosen to be the

larger of the best and second best order as determined by CAT.

Inverse autocorrelations are also computed and displayed. A

spectral analysis is then performed on this AR model. The

model is then inverted to an infinite MA and truncated to order

M (NCOVM) corresponding to the number of computed autocorrelations.

The residual variance and coefficients of this model are input

to a select regression routine to produce an appropriate

covariance matrix. Along with cross-correlation values, a value

called PVH is also displayed. This is analogous to the

prediction vpriance horizon defined in Parzen (1981) but is

actually I-PVH(h). For the infinite MA model

Y(t) =(t) + BI (t-l) + 2 :(t-2) + ...

we define

PVH(h) G2 (1 + BI +. *h

where a2 is the normalized mean square prediction error

(innovation ariance) estimated by RVAR for the Burg AR model.
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The horizon HOR is the smallest value of h for which

PVH(h) > .95. As a rule of thumb, HOR = 0 " Dlies no memory,

HOR/(AR order) > 4 implies long memory, an- -.alues in between

have specific interpretations as suggested by Parzen (1981).

The select regression procedure automatically picks a diagnostic

ARMA model displaying various criterion values, RVAR, and

spectral density.

A second select strategy is based upon obtaini-ng truncated

infinite MA coefficients directly from the cepstral correlations.

The cepstral correlations are essentially the Fourier transform

values of log spectral density. We define cepstral correlationx

by

1 2 niwv d
(v) = f log f(w) e dw

where f(w) is estimated by the Parzen window estimate of the

spectral density mentioned earlier. A recursion algorithm

provides the MA coefficients and may be expressed as

n
(n+l) s(n+l) = (k+l) p(k+l) (n-k).

k=0

Truncating to order M, we proceed as before to the AP-4A select

stage. In addition, an estimate of 02 based upon the formulaCO

log (3,0= fl log f(w) dw
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is provided using the fact that the right hand side is actually

*(0) and hence

a2 =exp
OD~

This value is labeled "SIGMA INFINITY SQUARED" on the output.

Note that the values of RVAR may also be treated as

estimates of a'. For the cepstral correlation truncated MA

model, the residual variance is

RVAR = i/(1 + a2 a ) "

The AR residual variances are obtained from the Yule-Walker

equations, and the ARMA residual variances are obtained from

the suitable element in the covariance matrix after a series

of SWEEP operations has been performed.

3. Input Options

One of the primary goals of ARSPIQ is to make a complete

memory analysis of a time series as automatic as possible.

Hence, when a zero is specified several options will default to

"acceptable" values. The input to ARSPIQ is described below.

0All values should be right justified.
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3.1 First card of a run (in 15 Format)

Cols Quantity 'urpose

1-5 NANS Number of data sets to be analyzed

3.2 Second card of a run [in (615, 2F5.0) Format]

Cols Quantity Purpose

1-5 NTAPE File number where data set to be

analyzed resides (e.g., if NTAPE 11,

specify FT1IF00I DD card describing

data file) Default: NTAPE = 5, data

follows card 2 of input options.

6-10 IRWND 1 if NTAPE to be rewound before being

read, 0 otherwise. Default: IRWND = 0.

11-15 NCOVM Number of autocorrelations to compute.

NCOVM < 250. Default: NCOVM =

(sample size)/2

16-20 NFREQS Number of equally spaced frequencies at

which to compute spectral density.

1152 > NFREQS > (sample size) + NCOVM.

Default: Determined by subroutine FNFREQ

21-25 IOPTMX 2 if select ARMA modeling desired, 3 is

ARMA modeling using cepstral correlations

desired, 4 for both, 1 otherwise.

Default: IOPTMX = 2.
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Cols Quantity Purpose

26-30 NQMP Length of neighborhood in computation

of local quantile periodogram If no

local quantile analysis is desired,

specify NQMP = -1. Default:

NQMP = (sample size)/XSEAS

31-35 XSEAS Seasonal period, e.g., 12 for monthly

data. Default: XSEAS = 12.

36-40 REXP Power or log transformation.

Y(t) replaced by Y(t)**REXP if

0 REXP>l. If REXP = 0. or 1. on input,

no transformation is performed. If

REXP I., a log transformation is produced.

3.3 ARSPIQ data sets

ARSPIQ employs ARSPID data set conventions. All time series

data sets must be stored in standard format as described below.

Card 1: A data set title (anywhere in the 80 columns)

Card 2: Columns 1-5: Sample size right justified

Columns 10-29: A FORTRAN format statement describing

how the data has been entered on the

remaining cards, e.g., (8FI0.0).

Card 3,4.... :.The data entered in the format specified on Card 2.

6,

6f
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3.4 JCL for executing ARSPIQ

II Job Card

1/* JES3 Control Cards

//PROCLIB DD DSN=USR.R579.TW.PROCLIB,DISP-SHR

". EXEC ARSPIQ

//SYSIN DD *

--input option cards --

--//FTnnF00l cards describing input files.

4. Sample Output

Following is an abbreviated output from ARSPIQ analyzing

the Wolfer Sunspot numbers. The JCL that generated this run is

given by:

1. //ARSPIQ JOB (R579,006CS60,IO,TW),'WO['FIELE',MSGLEVEL=(lO)
2. //*FORMAT PR,l[@NAME=,EST=XEROX:JDE=JFMT IFORMS=[DI0
3. //*LEVEL 1
4, //F'RDCLIB D[D ISN=USR.R579.TW.F'ROCLIB,['ISP=SHR
5. // EXEC ARSPIG
6. //SYSIN DD *
7. 1
6. 13 0 0 0 4 0 11. 1.0
9. /iFT13FO01 DD L'SN=USR.R579.TW.TSLIATA(WOLFER),DLISF'=SHRLA[EL=(,, ,IN)

0.

6
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.1.990 "U.390 OF RECORDS

6 AISSO as'

72
I POGRAM £15510 I ANSPOI I AIP1

2 C LISP10
3 C . . . . .. . . . . .. . . . . . .. . . . . .. . . . . .. . .0S I

60A C SPI

I C A 010 10CTA .NLTI AESO UIN .OS.ATLI . N 15
C ,*Sir . 1.0

* C I"]S SIOCCIA CAmftES OUT O MEM- OITAWALTOIS OP AT1 TIM SEIE £11910
C ADECIINAIC IEAII 09 STIIC. TcHROT ARSPIC

20 C . .. .AI. U."' I I. .UL . 25Is&: A QUANTII.E AS
:*I C ANALTZIIS'IS CARRIED OUT FOR T*.1 POLLOWIIk DATA BATCHES Al~

p 1~2 C I 2!SW DT IPI
12 C 2 THEI SA'.SPCTRAL DENSITY 11EIICIOGRAMI 902

IS C :A-TIE CONELCA I 10
I5 C 9 TC 'AITIL AUOCtLTIN £9152I

2£ C A:::IQ
27 C IE CURRENT OPTICIC AIE.* £10910

I: C 01AE TAE U tEI CI! ATA REIE NASI FMAT:R aIIa
2 C INID . I IF TAPE IS5 To PL, NAUWO. U OT ELSEAS

TO C ICCCM "NME OF CCTAIIANIES ToEDt COMPUTED ASI

22 C OPIMR 2 IF SEET A OELF IN(EkE.2 ?AMALFI
22 C :ODLIGID USISCTL CORIDLATIONS DESIRED. ANIQ

24 C 4 IF No0122 METHODS DESIRED. I OTHIRMIse AROFIC
2 S C No., LVNGT" of UIIG2RIODI OCLOST ALYSISASI

25 C OF PENICOSNGAM I.IS22LOAQUI.:"AALYIS ;I LIspIC
21 C aCA SESNLFSO.IE. 12 P:CMONI LT DATA A£119
25 C E S -POE ANFRATIDN IF REDS IT I. LOG TIANSl AN9010

29 C AE~l30 C DEFUL INPU OIN P~LACE A)P IER P. :5LUM PIE' PINSIQ

31 C CA a ,T9. 111.0.0 kCVI/ NFEO 1ON IT PIFOR £1120
32 C XSE£52.22 1 OPYMN -2 NOMP-I/NSEAS RESSI.o AKSP I*
33. C SPECIFYING A ZERO FOR ANl OPTION PRODUCES DEFAULT VALUE. ARIPIO
34 C LISP ID0
3 S C A7MA MDLNG PERFORMED USING INfNTEO HA ERSNTATION OF ARks. IO

27 C ILISAGRTMUE OGENERATE AM COEFFICIENTS. AEIFIO

II C 112 09M53 R Coo CIfTAI CRLSIGS IQE TOFR SICAThE" AI
2: C AIFINTE lE AT RDC COVARIANRCE MATIS FORPAlMATSELECTE A:. .0
40 C AA IS£91

C2 C PROGRAMMER: TERRY J1. WODOFIELD ARSIO
42 C £a91

44 C-CMk/S/SjtjS................................£10
A5 C AftSPIO

RI CMMON/D£I IT 1001 .T '2001 ST. N 001. 0D1 5III. ARSPIO
IT ~ T;.0 .% ICIVD S120 .CII . NTNICFIC £11910

49 8 IG12I.MINYC'f2I.NAEI2 AR::;.*

12 0IMENS;ON LL2I2.21 AUSS 3 .1ESCIIOFIL I.0.ME2I.I.CCVMATIA.AI £10910

S. C ......... ......................... .... SP91
so DATA LL2/49REST,4V .41200 ..ANSl/ £ASPI0

17" DAT IllI £1510SI DATA L.SOv/ 1 b I~ OAII5.2 'I£ 90

59ITIL £16901A::10

II 11091£ .ATI 2 01 ANU
:2 SI T I UN IT.20 ARSPI

HA. S UIAT(//.TIO.sI I I2l/T. Al$ T.2/IO£910

II .2 ASI UOEISIESITA NOMTD UAII7ICD a IS

£7 PIE. TEIRT J .O;OFIEL. AN H.10S NWO'.70 .1 £1091

-1 010. DEPARTMENT OF STATTCS TECA AM UNIEST N.OSI
II 790 /TIO ICOLLG STAION TEXAS 77942N 790,. .;, AISPIC

70 *TIO.- 2 ULY 29521.190. 2 ./,TIO. *7.T90. .. /.TIO.AIIll) A10910
TI C LItSPol
72 C INPUT CUMalI OF SERIES it aE AN&LT2S LISP20
73 C A..IS 2
74 NEADININ. 201 NSETS ARSIO

TN 10 FONMATIISISI AItspl
70 C ARCP 20
771 C £90910o
7£0 C START LOOP Alt**10
79 C AISI
SO C £11

I DO 20100 NSEY-1.MSETS AROSIO
£2 CLOS0

:3 C READ OVERALL OPTIONS£591

S: NRAD(iN201 NIASE1. INND.NCOVM.NFIEOS. 2CPTMX.NQMS.SSE£S.IEXP £11

AS6 20 0... I isI S 0 
161

£9 C ARS910

92I IO" CALL DATAI...ITl:YT.NVT.L.LA9YI AISSIO

:3 C &SISI94 C SET DEFAUILT'VALUER ..... ARSI2
RI C ARlSPI:

. 9£ FIRCEM EQ01 NCOM.12V/ A1 £19

95 FNFRES EQ 01 ,CALL.PNPREINT.7NCOYM.NFIEQSI £52
99II9E t.Qo 1l ESL'0 LISP 20

200 I IDTMl.A@.0I IDSTMR1,2 AISI
202 IFINOMSIQ) NOMPPIFIX(FLOATIPITTI/XSEASI AII

10 4 1910 0.1GO TO 120..91
IRS1 00 :t0, IlNTAlS 10

11 15Ts20£11

I0'. 00 C1TIU £119
12 11 ll.ALCETII i£1110

1I 1 20 CONT INUE £1119NV0

III. C.1119 II I. £10

II 160 POOMATII//. T2 1/T20.IUTAP .12.T4Q7RMNO 10PI

229 *IOR * 1.760,AISSAS

120. C £01

:22. C Vt OfOR" OCII &At V S I S IME4 a LI Is A1910

22 CALL OUINTINVT.VT. LAGYLAND. 1 DNYT*4.22WISOE.V791 £10910I



C2 ORRN 0 MY11 Slv RC 58 I NG£1 MEDIA% AND WNOMAL£ Ill vM DIVIDING LIPI

12, C 50 vIICI A:::."SO. ISI

£ 2 C 
L ISPA 

L0

1I LINSPI£

* 12 C DISEIB ,1LOLLIS £0
£22 C.::ISP £

£44 lI£..£p£j LISP £

I2 C L SP £0

I.: C LS£

I.. C20 S CROT ;4 . C.I!AO1K , OR I I LISP £0o

£40... ......... .:............................ A:SI

II C LISP£0

DO2 C0 KSI"SPIO

I C I ::PIO
*162 C CaI ItASP I

:57 C AL LIII . .C., CIASP I 0
IF(CCO 0 . 3 0.0 LA C-ISP£0ASP

110 SIO£SALO£IV£££ LSP £0
71 Rg£IAI£0*£.POS££/l LISP £0

31 IQ COT915 tos a)to

Il C LISPERE £0 PI
1 6l 01 LSP £0

C C SUIUTI L ALI IPi0.I1TA LISP £0
£9. .. . .. . . .. . .. . .. .LSPIO

I o. CD LIP £0

a7 C CO£CITS LLPUIO'R. ALPN(SP£C1 ANSPIO

17. C LIUIT 11P - POT IC tTS; OP t M~OV ING AV f RAG 0 tjSS LISPIO

17L Co CDIP£Of TT MOIN AvERA PROS OCSSV PARIS IS

LI6 C REDO T.960N 01011TNI OP TONE AUOPIISO PICS

:68 C ...... O.TPUT.....T...OP.............. ........... T....LA SPIO

So C OP001 0LSP £0
.to C IESO AL0 - 01011AIOP ) l000 VSC ICS AIS£

IN. C LISP.. £0
IIIF DI. T.NP£ LL TO£ITIO 2LSPIC

51 C FilLALISPIO

28 1PI.o£ It UI LISP £0
IL00 I '!"2 4'0 AISP£O

;: I0 CICAP"i£££ fTIIJ ARSPI0

2I 0 U .~ .4AS

20 SOCV RP P LNISP£

20 C ::::.£0

20. I IUI LIP£

T0HE.............. ............. LA::"
2 0 C ft A 0

21£ 1 C ALPHI I ) . LLPIIIIP£.AWO SIC (REIDUAL VARIANCE). ":SPIO
92 C 'PTAIS:lO

212 C OUTPUT : SoPAR

211 II... CPCNF s LISP £0
21s C RSP~ LIP £0
217 C SPIL IC££ SPR1P15 LISP£
270 C CIS £0RM
21 C LU1.£ I aL S P 1.

232 C USG I% CT LE F LI £
22' C .ISP £0

224....................................... . . .LS£
22: C LISP £0

Ol DMENSION LLPHI££.CT(SP~ffQS£.SPfI£5l10£ SSP£

227 C LIsp £01

* 221 PL.£/* To £033 LI£

2 S $PIC( £ I.A LISP £0

2 222 10 C.O .6 AU1 LI:
2 22 C LISP£0

22 00 0 £..PI@ 
LOSP 0t

228 CTI A.. ISP£

Do8 CII WLISPIQ
*10 2 C 71£ILLP NI£I LItSP£

284 0023 £..P1s ARSP£
14 2 1 SPC£I *PiLCI£aCT3££.CI££SPRI££t.PIC££££I A::110

I1 1 ARSPI:
260 SU8IOUTIlf CIPSTCPT.PISC0 .TS.S £ 1:P£281.. ... .. ... .. ....... ... :::,I

12 C A::P:£0

I5 C LIOP£O1C" '-L .



208 C INPUT1 sp8005 8403011 Oro [OULiO SPACED 'I@Uit Cllls ANSPIO

217 C SIS 0AS I*0 ~.i
SR C 8(800 . 0801S .C.... . ..... Coftall13038l 1131184 SISPIO

201 C OUTPUT C;, C:7PITALCSIL3SI£S

22 C ...... 13- 35313 I0381 P. O .... .... L 000 SPGCYuM a~P074
282 CLIP3

2111 CLSP3
24 C SUBPROGRAM4S CALLED' P08O 8LIS 3

287 C .IS .30 ....

288 511930

27 3 PC'3 I.AL3OTI3PI7 LIPI

272 CII C'00$33 LISP 3

278A CALL FOI;IICT.S3."Fft9OS.L.LCVPtI AISPio

a7 002 I N.COVM AR5P I
276 20 C1I33IStLIA(I3*3 ILISP 30

242.7; SUIUI ::7P3OP.C7OISO3 LISPIO

2J PIIPIS. IC 70 30LSP3

287 30 C.IIU LISPI0
24 DATA Cot/ 88.0 22.1 33 2.3 28 I.I

280 331S 0.1 381.36 47.20 0 IP3
2N0 323 81.223.2 71.2 252.7.0 3.0S32,2.280.S3

213 324 82.21 2;.2171.2: 0.11.2.8S.40.4..1. API

22 388 0.00.08.0382 21 .13S.O88@4728LSI
20 1.4I.38 .24.2 13.8 91:.I.23.67.88.81.72 IS 3

204 3810.71 22.72.46.73 70.74'.7. A77.07.27.8LSI
211 a8 a0.32.21.87.S0.7 a8.8 880.8300.2 SI:

20800 TO 92 A193

2098 DATA C.12.7 LIS I
280 3.0.82.77..24.10.661. 2.02.132.8 8.3 1.0 A72 LIP
300 338s.115, it0.32 .0.2.3.2 ;4,;7.S.0272 2% 4 LSI

20231.8713 LO.2.4.808I122.L.8.7.IO.SL.82.SO.77 ARSPI.

204385.5 2: 2:8.88 208.38.41 .31.18., LSPIC

308 40 20 00 LIS 4 0 0.2
307 20 (0.. 03 .LI D'IP I.

08 DAI s3335 LI 1 ,ASPI2

23 328.03.727.20.7 27.24,0 18. .6 84 23.02.32.22. ANSPIO
32. . 2.12 G 82 872 174 844 .7.28.90.10 ARSPIO

304 3 1 091C 0.8 3.0248 2.3.4.2I0S.7.4 ANSPI 0
38 00 CONOELSP 30

230 4 C4533C1 1% LIS 30 2230, 11,2211, LISP 30

312 SOIIUT 3I C :3.11 .1. .:,.. .L2 86.04 ;:9.0 .0 LISPI*
222.... ....... .S.... ... ... .. SPIO

22 C 
LI02 49 A3A SP I0

221: C Tl 1 036201 '.8 11.0 710 918518 2 AT CLK30501 OSSPIO
328 go PLOTINE SIT 101 UCT 8LSPI 30
22' C LI .ASP 30

228 C EUR 380 LSPS
220 C , 8. L IP

321 C LLU 0 IP2

3372 ...... .. . .. . ........ . . L52
23 C LISP 30

322 PLOT8 LICT ZNR I TI:N:SP 30D
348 313 01 330 0LSP 30

324 It TO 00AIP
33248h17 4: 30::, COIIIMUOTED LISPI

38A C L: . I1
280 c AOTA f2 AL ILaSPI,
23 C LIE OR XASP 30

234 002 3.MLSP 3

218, *L1311310UT.2 CALLED NOLNE .. 3.443SP3O

280 C c ASPI 0

282A C LISPIO

331 ""1O I .0 .'I'D, AISPI:

287 C 30 AISP3O

310 00llOU~t 80M X I I j LISP 30

272 (3. INITIA I I tIS I0

374 50 0 TI 2 I LIM SP 30
23 . 208 L J DOU ISP 30

278 I 271 S1 3* A'. I LISP 30'P.M 2

IS8 DL 8*DL 30 J M: :~

280 2 3001413 35.0308.25.30313 AISPIO

21 C AISPI 0

%8 RA LSP 30



364 1411041IIIg &LIII g1IAIM.l~Iaspic

210 C LRSII 3

N;1 C SIshmouviln TO PRINT AND PRINTER PLOT 1221 N191Cvo 1. &aspic
SI? C AOI
212 C INPUT uee7

2:: C a 
A::: 7

257 C hlAiG. PollI S£1
398 C M SIIR P LLMI I PII Ial I02LSI
IS1 C SO91 2. I 01 II SANLILSP 20
-00 C A::
401 C SUSIOUllTS CLESI LSI
402 C AISl4. ......................................... ..... lleo

4* C Ansel 0
AD DMNSO 11111 ,0 1 I .11011 Allele0

*::? 0*1 lUT:/I AISPlO

46 C Anse Roo

IOPIIO AlGOTo aele.I
420 £9.:1 INT 'l II 65 10 I10 ARSPIO

12 0 CII2I LISP So
416 C LISP 20

ccI C . ....... ..1 AL SP 20

42 30 LLI.JI.0 IS 20

11 20 AL2I1.6Lal *01510

4£ C 92IND MAI AND MIN cIP2
47 C &RIP910

42£ CALL1 MA1 S 1: l ID LIlkpo
£2 CAL ISlll2l.12£01
420 llllOI ARSP9I0
422 1011 LI . 2-201 IOPIISI ANS1910
422 C £11910

£22 PLOT Allele
*4 C *1092

3: 21:I 
R411p 1920

*24~~~~As 00a 215£01
437 1:.l2SPT If~@1 GD To 21 LIsPIo

421 C.2I2402225/10 LSPI2
420: Anse2C.1 192

C4 0 2 £190

44 GoI~i 02 5 10 21 £ns1]20

::.1 21 COIIIU Al 5*20

* 41 4.2 4 A I

*12IP10T0.1 O 10, 10 L.ISP2

414 T2 ALnseAS LI
411 2S FORMAT1M.II FO4.Xloa AIIP 2 10

411 C LISP 2

452 *1F 1141T to1 GIo 0ASP1O
49 00 LIII .KASP 20

44 C t SP 2 0

*~ AnseClel 112
* 45;C..U . AIIP 20

*17~ ~~~~ C 1? PllE 1000 21TP:~l IN AISPIO

- 42 C lOPTI . PIT0 0lP.12All

47 C SUIIOOIIIES CALLEDN AoPINTER PLYLIWVCTN ,.SPl
4* C ARSPIO

a& RNE *EC 41 .. .. ... .. .. ............ £10I.

474 C 
-:.P:10

4 10 C £UMR1F1120WT11191 RSI
440 91 S OT : 0 .2 10 N 20 0£, 920

4 732 S TI kE CA LE .LIM MSP 20
474 C II ALZ £LARSPIO 0
4*1 C .............................. £R1 0
*7. C LISP 20

a?# DATA Ol.122 .BL AN./2. AllelI
412.05 0 4 2.2 24 I SP. 20

42 20 LISP 20

I0 I OMAT I.I1I I£11.A20 IAII41. M I SPIO

404 0 ONTINUE *192
447 20LSP2
Ga4s C LITAIZ L:SP 20

0 C SO,92

10 CAL /2I INI20 Alle

£07 PLIl LI 0 120 1011 LSP 20
008. LI1 I IN0919.2M' Allele

£20. C PLOT . £119
30 C. LISP:20

::262 . 44tli.11 . AIP2

4 220 00N MAN 4.29 LISP 0

002. ALI A02 IS
12. £ CALL I LSP 20

Ill. C.1114-92422/lI 11:



622. 0 4 f1 S.ICl K11 76*1
*3 A2 L I I LISPI:::'1

* . 01 & 1 1 1 LISP".

121 42 L £ * l 
I P I

12 ALI5101.0 IN JlIT~.AI~.I2M(LSI

62 ;f.J~ LIS £0:Rlt

121~~ 1L I*ILKI LISP £
121 A!I2*LN 411P10

2 41 CONTIkUS aIP£
14 C LSI

14 go COT I RUE IP£

14S SUSIOUTINE.CPMAIPT.PE.CO.C.TSLIM.10 A191
1........... ... . ..... ....... .LPI

SO2 C LISP 1

NT02 OR 011C1 FUNCIN P71 CEIC AID 7511Df 20 CTEICOOM LISPIO
113 c ORDER P0141k AIIIEp0104141 OE INLE OLSPIO

AS1 C LISP£0
III C INIPUT PT l PCTILL 0115120 PUIIC£1 RA1N41541IPES IS

15. C EQUALL SPCE PIO0CS SWS 41 W 1LSI

10 C lOM 1441 OPCEPITILL COIILLT£:S TO MPUTE 450LIPI

10 C 0R0ER oP TRUNCATED of011 40C 0 A 4001a LSP 1:

AN C OUTPUT: CT CIpOTILL COIIKELLT£1ONS LI'SP 0
12 C IT ' VECO OP 14001 AVE14GE COEFFICIENTS 10PI

1411 C SIC - 1614 INFINIITY SOLIED I0It I£TEGILL LOG SPECTRUM4 ARSPIT
1£ C LISP £

:17 C LU£LIIR TLSP£0
1£ C LIS £
110 C UINIOCIS CLLLED: CVPSTC.P77.CLPLT1 LISPIo

%70 C LISP £01 72 ................................ LISPIO
%72 COMMON /14117/ £U117,I0:;;C: LISP £0

11 CAL C;' ATClI IN E R.IOO TC7ST.SG LISP 10
01 C AISP £0
1 76 C CT CONTAINS CEPSTRAL CORRELATIONS LISP £0
17 C A::: :0
174 WiI£11££LUl£7.l0) SICLSP£
s 70 10 POIML7£I/. '00.£ A INFINITY 50144510 tV£L SMOOTHED1 PER.) AAR:::*0

142. C LISP £ 0

13 C COMPUTE THE BETLS LISP £0

11 BETAJII.CTIV) LIP£

151 0421.2.104 
LItSP£0

1000 42 0 K l1I LIASP £0

1:0 :20 IETLI I .17A£ICR)ITA£541L11LSPIO
I9 421 EA.EA IOT£ 14EL£/I LO7 CA C7££. IP

m- 92 00M~o I2 £. t. COVM LISP £0

:1 820 w944104A11: £417L£ LISP £0
1911A A04. /51 LSP £ 0
113£ LI21 U17 T.43 144 M &ISP £
107 13 1OMT/.0 !MA" 0OE OIL CEPE:TTIL CO7., lo:l.'. LISPIO
10S /12 .;/1 ,;11..T 10 C 1PCETSO £NI lT 14 ./ ARSP00
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321s c I on o I o o . . . . t4,. To
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3120 Vv c pL. . . .0.2 0 024 £Te WI11

3113 . . . . . . . . . . . . . . . . . . . . . . . . A1M S
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286 be to 1-, LI aas P a 0
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2664. * 1 0 i P2 8. 3 1 S 1 3 I 25,159.X100

286 CL51222*a 01SSILE LISPS
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374 C £-70C0 IS£ A006O .£13 44620£ .. 0 I*2£1337:6 C -64644 0430 I 6UU 4 6 .4 004U6 4600430S0 44
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3 6 0 7 .C 
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2820. CLSP0
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28 70 C 8 . M ISIf OP0: P5 IwL;: AII LI I N F8 ULL £15610 2.
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4223 CLIP0
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:23 422..........................................L&ASPIC
422 CLIP0

4229 C LISP 20
42:40 C PACIIL .414111 0)I/PLOA1IIPIEOSI LISP 20

42:2 00 72lIIO IP2

424 I 1 C22 ( .0. £11 P210
4241 1a C LI 204244 . .... .PI1SIII O ...........ES. A I £ 12

424 C LSPIC

424 0.FAC:CTI1 AILSI
424 00 2 I I . LNIAPI1O

4240 2 RI1I*PLC-CTI2412 LISP)
.211 C LISPI*
4212 IIuI LSP 20

4253 :.0 LISPIO
* 421~~24 SU:IOUTIkE SPPLIISPEC.II0.PE.EP2P2LS~

4211. .. .. ... *....?! .. ........ ..... :::,.:
424 C LSI

4 S1 C SU:RIITI~e TO PR211 P2O.01 11 PCT OULTIT2E ISP
4214 SPC,7. .C:IP'S@.. IEIICII IOUIISAlLSI

42si C Civilu I; PPiIa9.ij*II.DSLP. J.I.1diIOs. LS
* ~ ~ 420 CLIP2

424; C INPUT !LWPM,0
* 22 C APESPIODL LIP
* 4212 C SPEC) 7.PCI7PES LSPIO

4 2 4 C 10P 7 MEAN LOG SPWC PLOTTED. SPEC PR241(0 LSI
42GS C LISP 20
4241 C SUBROUTINES CALLED MLS.M2N LISPI 0

2 427 C LISP) 0
424A.......................................... . . LSR

429 C LSP I0
* 4210 DIMEISIOI .0 IIIDA; .I7 LISPIO

4271 DATA NOUIILIOT04 7 6.14... IP
4272 C LS
4 212 C SCALE LISP,.c0

*~r 424 LSP IC

44 2F2IDP.E.'7 1G TO A AISPIC
. 211 SM.AL0C.I SPEC (I I I LS
44 SMI 1.SL AIAI2
4279 DO72.IPISLSI

.4210 A.2DIPC ) IP
4 327 )P)C.CT.SMLII SMLS.C LISP9 210

A421 A 5 C4LL MAOISPE:C.4PIEOS.SMA,21 AIPIaS CAL MINIPC4IO.MI.7D IP2

4 24 7 COI2UE LIS 20
44 CS LISP2
420 C INCREMENT PON 2 PAGES LISPIO

4212 C 
LIS 20;;O

A 2:2 IFPINIof CT1202 lINT- 2IPIEOS/120I0I LISP 20
4 24 C LIP 0

421 C INITIALLIZE 4N0 PRINT HEADING LISPRO
424 C LISPIO

429:1 .41IEINDUT.lo A0 LIP
4 291: 70 PML/.0.IFSUI CT....E..... BEEF 19
A29 I49.PEC/7;;*;4 M, 2.06)42 INP
42300 DO 20 1.74 1 1PIO
4A0 20 ALIII'ILLP2I AIP
4.0 C DIP2
A4302 C PLOT 4.90420 4 C LASPS2

*:G.G~ 42041 GO11N0.0 AISPIO

.3201 9 Fq*QMATI/l0X.'QAWGE.L1.I.f-2 1. SPPLT)LIlI

429 CONTINUEASP0
a 3 420 lOP 4*LLI702LSI
427 DO 0 A..PIO.24 IPIO
4272 PIO.1IPIEO4PLOATiliI*OELF)/10P2LIPI A

- . 42)4. IP cy 1O9. .E0). Pat. I./Plto AIIP2O
A4271. SS.1p rCI I L I.
42A IPIP :1 7) 154.05 &ALSPIC

4274 J-3 0 C7.01LSP0

4220. OITEINOUT.2S) PIQ.PEI.IPEC21;A 22LALSII4327 24 P0!7"1 0.IO.2.O.25.PO...4...7A7)IP
4K22 A2J.LI

4223 20 CONTINUE LISPIO

* 424 to CONTINUELSP£

*422 lIDR LISP 10422 SIROUTIftI OSPLCEIWxs COOS NOP A SP0.S0.VO2LOI

4237. C SUIIOUTIIE TOCOMPUTE 0242l. CUMULATIVE O'S. LND SIOMLOLIP2
3 322 C PS:IIl MODEL GIUI.MU*SICML-OO2U2 IS
4222 c INPTLIP0

4224 C U ICTO OP LEIT" "0 CONTLIN77G U VTUBS LISP,.:
427 C OUTPUT LIS HO:1

424 C 091 V:CT::OI P 710H 1 OIAII 22LS

420 C CUMCULALII OS: A:::.:
424 C 120I COMPUTES TALI .PSOL *CEIO)LS

422 C LYLSO AVERAGE LOG OP LITTLEA:UI 0242 LPo

4"24... . . .................... . . .LPI
4344 0OIMEISION POOO2NIOPI).l52N0P12.UINOP7)I5110~wp22.COmSSNOP7I A:::I



IS S- l 4 P6111 mliiil Mgt IP1I

43o. 1ol a* I * woolil *6 111SSI

@IFe 
105

3:0 00 1.1.19 a... ig

:.:3 o c?.~lCI(hI U461i
SI.~~~~~t 0 ~(u~IILII

4 06 30 C l l0 
I P t

ii CIIIWPIS&Nose8



106

REFERENCES

Box, G. E. P. and Jenkins, G. M. (1970) Time Series Analysis,
Forecasting and Control. Holden Day: San Francisco.

Newton, H. Joseph (1983) An Introduction to the Methods of
Time Series Analzsis in the Time and Frequency
Domains: A User's Guide to the TIMESBOARD Computing
Library. Institute ot Statistics, Texas A&M
University.

Parzen, Emanuel (1981) "Time Series Model Identification and
Prediction Variance Horizon," Proceedings of Second
Tulsa Symposium on Applied Time Series Analysis.
Academic Press: New York, p. 415-447.

Parzen, Emanuel (1983) "Time Series Model Identification by
Estimating Information, Memory, and Quantiles,"
Technical Report No. A-22, Department of Statistics,
Texas A&M University.

Parzen, Emanuel, and Anderson, Scott (1980) "ONESAM, A
Computer Program for Nonparametric Data Analysis
and Density Quantile Estimation," Technical Report
No. B-1, Institute of Statistics, Texas A&M
University.

-°-



-e


